 Physics 319: Classical Mechanics

Fall 2006
Independent Study with Jeff Morgan
Instructor


Dr. Bret E. Crawford, Masters Hall, Rm. 203, x6054, email: bcrawfor

Required Text


Classical Dynamics of Particles and Systems, 5th ed, by J. B. Marion and S. T. Thornton 

Additional Suggested Texts

Student Solution Manual to Accompany Classical Dynmaics of Particles and Systems,
by Thornton (see my office)


Analytic Mechanics, G. Fowles  



Classical Mechanics, H. Goldstein


Office Hours


Wednesday, 1-3pm


Thursday, 10-11am

Course Overview 


Classical mechanics is the bedrock upon which modern physics has been built.  By mechanics we mean the study of objects in motion, be they translating from one place to another, spinning, colliding or breaking apart.  These investigations led to Newton’s famous three laws, conservation laws (e.g., energy and momentum), and a field that has significantly grown in recent decades, non-linear dynamics and chaos.  In mechanics we develop tools that allow us to predict the motion of objects, motion that is caused by forces.  The precise nature of the forces themselves is in some sense outside the realm of mechanics, in that the one must know that nature ahead of time (e.g., that gravity follows the inverse square law) before one can predict the motion of the object.  However, branches of physics such as atomic, nuclear physics and high-energy physics turn the problem around using experiments and an understanding of the mechanics to probe the nature of the underlying forces (e.g., breaking apart nuclei and measuring the motion of the scattered products to learn about the force that binds the nucleus together.).


In this class we will not study in detail the properties of the electric and magnetic force, or the gravitational force, but rather learn how forces in general affect the motion of objects.  The topics covered, indeed some of the problems (e.g., the pendulum, the inclined plane), you will have seen before in an introductory physics course.  What will be new here is the method by which we solve the problems.  We will use a more sophisticated mathematics, mainly solving differential equations, and a more generalized approach.  In many ways this is an applied mathematics course.  


The course should provide you with techniques for solving most types of mechanics problems as well as honing your mathematical skills.  After reviewing elementary mechanics (in a slightly new language), we will cover topics such as oscillations, the Lagrangian and Hamiltonian formulations and non-linear systems.

Course Components and Grading

· Homework

The homework is weighted heavily in the final grade; as you know by now, you can not learn physics without doing physics.  As you work on your homework keep in mind three important parts:  the physics knowledge required to set up the problem, the mathematical skills needed to see the problem to its completion, and the conceptual physical understanding to know if the answer “looks right” – knowing the form of the final answer.

Homework will be assigned on a weekly basis and will periodically include Mathematica work.

· Exams

There will be three exams during the semester in addition to the final exam.  

· Grading

	Homework
	35%

	Three In-class Exams
	45%

	Final Exam
	20%


· Special Considerations

Any student with physical or learning disabilities that require special attention in the class or during exams is encouraged to discuss their needs with the instructor
· List of Topics (subject to change depending on time constraints)
Mathematics background Ch. 1


used primarily as a reference
Newton’s Laws:  Ch. 2
Inclined Plane

Projectiles

Plane Pendulum

Rocket motion

Angular Motion:  Ch. 2
Angular Momentum and Torque

Plane Pendulum

Gyroscope

Energy:  Ch. 2
Work and Potential Energy

Stability of Motion

Non-Conservative Systems

Oscillations:  Ch. 3
Simple Harmonic Motion

Damped Oscillations

Driven Oscillations

Fourier Series

Resonance

Nonlinear Oscillations:  Ch. 4
Plane Pendulum

Weakly Nonlinear Pendulum

Characterizing the Dynamics

Introduction to Chaos

Hamilton’s Principle and the Legrangian:  Ch. 6 and 7
Variational Calculus

Lagrange’s Equations of Motion

Lagrange’s Equations with Undetermined Multipliers

Conservation Laws:  The Hamiltonian

Hamilton’s Equations of Motion

Central-Force Motion:  Ch. 8
Two-body Problem

Conservation Laws

Orbits

Gravitation:  Ch. 5 
The Gravitational Potential

Tides

Scattering:  Ch. 9

